Introduction
The past few years have seen a growing narrative around potential financial risks associated with the transition to a low-carbon economy, largely focused on the future of fossil fuels and the power sector (Meinshausen et al. 2009; Robins, Chan, and Knight 2012; Leaton 2013; Caldecott, derricks, and Mitchell 2015) . 1 This body of research argues that the transition to a low-carbon economy leads to value creation and destruction that can potentially impact the financial viability of assets on corporate and government balance sheets, a situation that can in turn impact the credit-worthiness and valuation of financial assets (e.g. equities and bonds). These risks are usually labelled 'transition risks', a short form this paper will use to describe this family of risks.
A key underlying assumption, either explicit or implicit, of this literature is that financial markets currently misprice the risks associated with the transition to a low-carbon economy. A consequence of this could be the creation of a bubble in valuation of assets and companies dependent on fossil-fuel energy. This is the concept of 'transition risk', which could -in theory -have system-wide impact and affect financial stability. 'Transition risks' and the 'carbon bubble' thesis are referenced across publications on the topic. The Financial Stability Board, on the initiative of Mark Carney -Governor of the Bank of England -and the French Treasury, has started assessing the issue. The French Parliament has passed a law mandating climate-related risk disclosure. The Swiss and German governments have both launched research inquiries on the potential financial stability risks arising from the transition to a low-carbon economy.
To date, the research around these risks has primarily focused on examining the potential materiality of these types of risks to financial market assets and actors. Notable examples include research on transition risk to physical assets (Fulton et al. 2015; McGlade and Ekins 2015; Caldecott et al. 2016) , financial assets (Robins, Chan, and Knight 2012) and financial portfolios (Mercer 2015) . Less explored in this debate is the question of whether financial market actors are already correctly pricing these risks, challenging the 'bubble' assumption. For example, research from organizations highlight risks to physical assets and capital expenditure plans, noting for example potential $2 trillion worth of capital expenditure that may not be profitable under a 2°C transition (Fulton et al. 2015) . Robins, Chan, and Knight (2012) suggest impact on share prices of fossilfuel companies of 30-50%. Mercer (2015) in turn shows little cross-asset impact, but some significant impacts within asset classes.
While there is growing consensus that these risks may materialize, it is unclear whether they are already priced into current asset prices. This is particularly the case for fossil-fuel companies that have lost in some cases upwards of 50% of their market capitalization in the past 2 years or even coal mining companies that have seen growing bankruptcies in the United States. Similarly, high-carbon European utilities have also suffered. While there is academic evidence of a sudden tipping point in climate policies that can create sudden, unexpected transition risks (Aghion et al. 2014) , such literally does not directly question how actors may or may not already be pricing probabilities of such 'surprises'.
The question of asset mispricing is key for two objectives. First, it is important from a financial stability perspective, as asset mispricing can lead to asset bubbles that may have systemic effects or at the very least create financial risks for some actors and asset classes. Second, and linked to the first, asset mispricing is also relevant from a policy and social perspective. Asset mispricing can lead to inefficient capital allocation, which in turn may inhibit growth as capital does not go to its best use. In this particular case, this may be even more problematic insofar as such inefficient capital misallocation may exacerbate economic inefficiencies that relate to the mispricing of the social cost of carbon. Thus, mispricing not only inhibits growth, but also has an additional negative impact on public welfare more generally, through negative health impacts (Lancet 2015) and other social and political costs.
The objective of this paper is to link the theoretical literature around market failure associated with correctly pricing risk with the literature on transition risk in order to test the premise that financial market actors currently misprice potential risks associated with the transition to a low-carbon economy. The paper will thus not contribute to the question of whether the transition to a low-carbon economy will be material for financial market actors. Rather, it seeks to build the theoretical basis as to why, should these risks be material, financial market actors may misprice these risks. In this sense, the paper provides the complementary analysis to the existing risk literature on this topic.
The paper reviews the existing literature on market failures and seeks to link it to the risk characteristics commonly associated with transition risks. Crucially, the paper only focuses on transition risks and does not address mispricing related to other climaterelated risks (e.g. physical risks, litigation risks). The analysis demonstrates that transition risks exhibit a number of characteristics that, according to the market failure literature, are likely to lead to mispricing. This can be linked to the theoretical evidence on market failure as it applies to financial market models and economic agents. Developing transition risk models and associated evidence of the presence of these risks, according to the results of this paper, thus only addresses one side of the equation and needs to be complemented by activities related to tackling the broader market infrastructure and the actions of economic agents within.
The paper thus provides concrete input as to the potential for the existing body of research to improve the efficient pricing of these risks in financial markets. In addition, it suggests that there is at least theoretical evidence that these types of transition risks may be mispriced, suggesting the potential for the presence of capital misallocation related to investments associated with the transition to a low-carbon economy, both in high-carbon and low-carbon assets. This may be material for policymakers and regulators exploring the question of efficient capital allocation. It may also be material for the broader debate about achieving global climate goals. It also points the way for needed future research avenues.
The paper is organized as follows. Section 2 briefly introduces the efficient market hypothesis (EMH). Section 3 connects the market failure literature to financial market models and transition risks. Section 4 focuses on the market failure literature as it informs the assessment of economic agents. Here too the discussion is then linked to transition risks. Section 5 provides some concluding remarks.
A short history of the EMH
The starting point for any analysis on market failure is the EMH. Fama (1970) and Samuelson (1965) developed the EMH more or less in parallel. 2 The EMH is based on the notion that 'a market in which prices always "fully reflect" available information is called efficient' (Fama 1970, 383) . In such a scenario, information is fully available to all market participants equally and integrated into price formation instantly (Fama 1970) . 3 According to Jensen (1978, 95) , 'there is no other proposition in economics which has more empirical support than the EMH'.
Whether a financial market is informationally efficient or not matters in two ways: 'First, investors care about whether various trading strategies can earn excess returns (i.e. "beat the market"). Second, if stock prices accurately reflect all information, new investment capital goes to its highest-valued use' (Jones and Netter 2014) . In order for the EMH to exist, two conditions are crucial. Firstly, as highlighted above, prices need to fully (and equitably) reflect available information, allowing market participants to distinguish between different investments. Second, market participants need to operate as rational, utility-maximizing agents, an assumption also known as the 'rational choice theory'.
The idea of the self-interested, utility-maximizing individual entered the economic discourse with the early Classical economists, notable among them being Smith (1776, 105) , who coined the famous adage that 'it is not from the benevolence of the butcher, the brewer, or the baker that we expect our dinner, but from their regard to their own interest'. In the nineteenth century, Mill (1844, 48) then linked this self-interest to utility and rationality, arguing that political economy 'concerned with [man] solely as a being who desires to possess wealth, and who is capable of judging the comparative efficacy of means for obtaining that end'. 4 The concept of rational, utility-maximizing entered today's discourse, on the shoulders of Walras, Pareto, Jevons and others, in the form of the Rational Choice Theory, pioneered by Robbins (1938) at the London School of Economics. At the heart of the rational choice theory is the 'homo oeconomicus', the economic man. 5 Today, the EMH forms a core tenet of finance, both as it is taught at universities (Krugman 2009) and increasingly thought of in practice. The growth of passive investing (PWC 2014 ) is arguably a function of the growing consensus that market actors cannot beat the market, given its 'random walk' characteristics. Modern portfolio theory, as developed by Markowitz (1952) , Tobin (1958) , Sharpe (1964) and others relies on the assumption that optimal investing strategies involve adopting market assumptions around prices and diversifying portfolios accordingly.
At the same time, a growing literature is starting to challenge the EMH, suggesting the presence of a number of 'market failures' that market actors can exploit and that may lead to the mispricing of financial risk. Market failures can be defined as: the failure of a more or less idealized system of price-market institutions to sustain 'desirable' activities or to stop 'undesirable' activities. The desirability of an activity, in turn, is evaluated relative to the solution values of some explicit or implied maximum-welfare problem. (Bator 1958, 351) It should be noted that the purpose of this review is not to a priori evaluate the theoretical literature on this topic as a whole. It does not seek to contribute to this debate. The analytical exercise proposed here is neither evidence of proof nor a criticism of either the EMH or its critics. Instead, the review is designed to provide a better theoretical understanding of how the EMH can in theory break down if certain conditions are not satisfied and how this can explain the potential mispricing of transition risks.
Transition risks and the design of risk models
This section will review elements of the market failure literature that can inform on the design and interpretation of financial market risk models. It will emphasize in particular the treatment of 'tail risks' in these models, the distribution assumed therein, and the extent to which financial market models can capture complexity, in particular as it relates to risk and uncertainty.
One of the strongest theoretical criticisms of the utility-maximization model comes from Simon (1957) , who coined the term 'bounded rationality'. Simon (1957, 198) argues, and it is worth quoting him at length, that: the capacity of the human mind for formulating and solving complex problems is very small compared with the size of the problems whose solution is required for objectively rational behaviour in the real world [ … ] The first consequence of the principle of bounded rationality is that the intended rationality of an actor requires him to construct a simplified model of the real situation in order to deal with it. He behaves rationally with respect to this model, and such behaviour is not even approximately optimal with respect to the real world.
As a result, people use heuristics as opposed to optimization. Agents do not optimize, but 'satisfice'.
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From an agent's perspective, this may be 'optimal'. Equally, from an investment perspective, this means that agents may not realize (or even attempt to realize) maximum returns. In this case, price formation does not reflect all information, given that agents have not attempted to optimize. 7 As a result, prices may become skewed, leading potentially to capital misallocation. 8 The issue of model is core to the question of transition risks. Transition risks are unlikely to be captured by traditional risk models -models which are equated to be representatives of real-world risks. There are a number of reasons for this, most notably perhaps the breakdown of the normal distribution principle associated with these risks and the lack of historical data (Simon 1957) . As suggested in Figure 1 , the distribution of transition scenarios is not normal insofar as it exhibits a weight in one direction -there seems to be a visual weight that drags the bottom part of the curve downward. The chart thus suggests a skewed distribution in one direction -in this case in the direction of the probability related to a 2°C decarbonization pathway. Naturally, this distribution is somewhat 'artificial', perhaps more of a 'social distribution' than a quantified one -the number of 2°C scenario is not necessarily testament to its probability. But nevertheless, as a proxy for distribution, it shows a skew.
While the normal distribution assumption is no longer as core to finance as it used to be, 9 it still forms the basis of all core models, including the models introduced by Markowitz (1952) in the context of modern portfolio theory, Arrow-Debreu models (1954), Black-Scholes Options Pricing Model (1973) and more recent models of credit risk (Vasicek). 10 It is also used by the International Monetary Fund stress-testing models for example (Ong 2014) .
One core reason of using the normal distribution is the additional complexity a nonnormal distribution introduces in the models -a complexity potentially avoided at least in part as a result of the bounded rationality principle. Agents satisfice by using simplified assumptions to reduce complexity. This may make sense for an agent that does not seek to optimize. It may however create systematic biases in models that lead to sub-optimal pricing of risks.
The bounded rationality thesis related to the nature of models would thus potentially apply to transition risks, as evidence suggests these risks are unlikely to be distributed in a normal manner -if the mean is a transition pathway of for example 5°C the probability of under-shooting that pathway (i.e. achieving less than 5°C warming) is significantly higher than over-shooting that pathway -based on the 'social distribution' logic defined above where 2°C is the official goal. Normal distribution assumptions may systematically bias against the skewed risks related to the transition to a low-carbon economy.
There are other ways agents may not optimize, notably in terms of dealing with tail risks. The idea that investors do not deal with risks equitably finds its roots in the Prospect Theory, developed by Kahnemann and Tsversky (1979) and Tsversky and Fox (1995) . Tsversky argues that investors appear risk-averse for small losses, but indifferent to, or at the very least less impacted by large losses. In other words, the level of risk aversion is at least partly a function of the size of the loss, where investors are willing to take larger bets with a higher risk of loss. More recently this literature has been popularized in its application to models by Taleb (2007) and his work on tail risks, which he describes as 'black swans' or 'fat tails'. Taleb (2007) highlights the extent to which financial market models under-weight probabilities at the tail end of the distribution.
As outlined above, the skewed nature of climate roadmaps suggests risks associated with this transition are not normally distributed. Another way the risks are not normally distributed is potentially their characteristic as involving 'fat tails'. While 2°C is seen as unlikely, 11 it remains the global policy commitment. The extreme end of the tail may thus be more likely than in a normal distribution -where the probability of an event outside two standard deviations is about 5%. While possible and perhaps probable, it is not clear whether transition risks will indeed have fat tails. Figure 2 visualizes the joint impact of a skew and fat tail on a distribution function.
At the same time, what does appear apparent is that the 2°C event can be seen as extreme. It is on the lower end of the spectrum of climate roadmaps and far removed from the current business as usual -defined for example by the International Energy Agency as the 'Current Policy Scenario' associated with roughly 6°C global warming. What is thus possible is that financial markets collectively are willing to take risks associated with the 2°C transition in the vein of Prospect Theory. In other words, even if the probability of the tail event is not over-stated, its ramifications in models are understated as a result of the cognitive bias of market actors vis-à-vis these tail risks.
The discussion here in a way pre-empts the subsequent discussion in the next section on cognitive biases related to market actors' actions, beyond models. It also has a place here however, insofar as financial market models may reflect this bias in two ways. First, inputs chosen in the analysis, for example, the scenarios around cash flows and so on tend to congregate around the mean or median assumption, in particular when it comes to climate transition questions.
12 Second, the emphasis on single indicator outputs for example in discounted cash flow models highlights mean results without creating transparency around potential tail risks.
Appropriate at this stage then is the reference to a strand of literature that, while having its origin in the traditional classical and neoclassical economics, has been picked up by the market failure literature as well. This relates to the distinction between risk and uncertainty, a distinction first introduced in the economic debate by Frank Knight in 1921 and then further developed by Keynes in the General Theory (1936). 13 According to Knight (1921, 19-20) , risk means in some cases a quantity susceptible of measurement, while at other times it is something distinctly not of this character [ … ] It will appear that a measurable uncertainty, or 'risk' proper, as we shall use the term, is so far different from an unmeasurable (sic!) one that it is not in effect an uncertainty at all. We shall accordingly restrict the term 'uncertainty' to cases of the non-quantitative type.
This definition is largely uncontested to the knowledge of the authors.
The idea of risk and uncertainty was particularly made relevant in the context of the financial sector by Minsky (1992) , who argued that the inability to quantify all future risk scenarios was one of the factors that led to financial crises. Simon (1957) argued that uncertainty, unlike risk, implies that contingencies cannot be assigned probability distributions and hence cannot be fully insured against. This is particularly the case in futureoriented decisions such as investment. Thus economic agents might fall back on rules-ofthumbs. The key idea then is that, in the presence of both risk and uncertainty, investors may not be able to make optimal decisions.
Transition risk is likely to be particularly subject to this constraint. As outlined above, climate change models and associated roadmaps are highly complex and subject to a wide range of assumptions. Data to input models is not necessarily available or available at affordable costs to investors. Already quantifying the possibilities associated with each degree of warming is a particular challenge, which is also why the 'fat tail' assumption cannot be validated at this stage. In addition, even if these probabilities could be quantified, each degree of warming is associated with a range of different technological roadmaps, some emphasizing one technology over another. There are over a 100 different roadmaps (Caldecott, Tilbury, and Carey 2014) . For example, given the potential deployment of carbon capture and storage, a range of different fossil-fuel production volumes can be linked to a specific climate outcome. All of these of course pre-supposes capacity to assess and quantify these challenges, which the bounded rationality literature suggests is lacking. There is no reason to believe climate literacy is particularly high among financial sector actors -given that climate change related risks do not involve a historical precedent at a sufficient scale -and thus relevant historical data -that would have formed part of the education of individuals working in financial markets and their ability to integrate these challenges into models.
Transition risks and economic agents
There are two key characteristics of the market failure literature on economic agents relevant from a transition risk perspective that fall outside the scope of models, namely the role of time-inconsistent preferences and the role of institutions. Each of these aspects will be discussed in turn and linked to the analysis of the expected characteristics of transition risks.
One of the main tenets of the rational choice theory in terms of utility-maximization is the time-consistency of preferences by economic agents -in other words a 'no regret' position at point t + 1 relative to their choices at point t.
14 If this was not the case, utility would not be maximized inter-temporally. Mathematically, this can be described as individuals having an exponential discount function, implying that we discount the future at a steady rate. 15 Most economic modelling and analysis has been founded on the premise that 'we do not suppose time to be allowed for any alteration in the character or tastes of the man himself' (Marshall 1967) . 'What is assumed is that consumers are fairly consistent in their tastes and actions -that they do not flail around in unpredictable ways, making themselves miserable by persistent errors of judgement or arithmetic' (Samuelson 1937) .
As crucial as this condition for the theory of utility-maximizing agents, as weak is its theoretical and empirical foundation. In practice, economic agents discounting usually resembles hyperbolic discount function (Thaler 1981; Laibson 1997) . 16 The hyperbolic discount function suggests economic agents have 'present-biased preferences', where the immediate future is discounted highly, but the long-term future progressively at a lower rate.
In terms of finance, this is important because it suggests that investors may not optimize inter-temporal returns. 17 In the case of transition risks, inter-temporal inconsistency is particularly important because transition risks are likely to be long-term and thus heavily discounted over the short-term. Transition risks may thus be mispriced in the context of hyperbolic discount functions not because investors do not believe the risks will materialize, but that their financial impact is discounted. In the same vein, from a broader capital allocation perspective, this may also suggest more long-term pay offs from 'climate-friendly' investments may similarly be discounted. Discounting is obviously visible in financial risk models as well, although here the issue is probably the practice of extrapolating current trends rather than the discounting. Beyond models however, hyperbolic discount functions lead economic agents to ignore long-term trends. Thus even where models can integrate long-term risks, these are not considered by the economic agent because the cash flows associated with these events are discounted by the actors themselves. By extension, there is no incentive to engage in an exercise beyond extrapolation given that potential hits to long-term cash flows are not material to the economic agent.
There may be another reason long-term risks are not integrated and this relates to externalities and principal-agent problems. The discussion on market failures has thus far focused on whether agents are rational and maximize their utility. It is important to also address the other part of the equation highlighted in the beginning, namely the extent to which financial markets are informationally efficient, independent of the rational nature of actors. This other side of the literature focuses on questions of market design creating inefficiencies, notably through transaction costs, agency costs in the context of the principal-agent problem and asymmetric information, and externalities. Principal-agent problems describe a situation where both the incentives and the information of a principal (for example an owner of assets or a voter) and the agent (the asset manager or politician, respectively) are not aligned.
19 Whereas the differences in incentives and interests for the two parties are likely to be a frequent (if not omnipresent) characteristic of these types of transactions, they become problematic in the context of asymmetric information, allowing the agent to capitalize on superior information to the principal. 20 The associated costs of this information asymmetry are called 'agency costs' (Jensen and Meckling 1976) .
Externalities in turn are 'the cost or benefit that affects a party who did not choose to incur that cost or benefit' (Buchanan and Craig Stubblebine 1962, 200) . The presence of externalities will lead to prices that are sub-optimal as they do not integrate the full range of cost and benefits associated with an asset (Greenwald and Stiglitz 1986) .
The externalities associated with climate and the environment are usually referred to as the 'tragedy of the commons', after a seminal essay of the same name published by Garret Hardin in 1968. Interestingly, the analysis of externalities usually does not distinguish between inter-temporal externalities, where the affected party is somebody in the future and geographic externalities, where the affected party is in the same geography (analytically speaking). In terms of climate change, the question of externality has usually focused on the extent to which the costs of climate change are externalized by those who are responsible for it (Stern 2006) .
Costs associated with climate change are socialized across the economy and will likely in some way impact all economic actors negatively, more or less. 21 Costs associated with the transition to a low-carbon economy will be more focused however. These types of costs are likely to impact only a few sectors, industries or even just a select number of companies within industries. Similar to physical risks, these costs can also be externalized.
In financial markets, this may be the case in the presence of principal-agent problems. In such a scenario, short-term asset managers externalize long-term costs associated with their investments to asset owners. They are able to do this given the challenges around measuring long-term performance and risk of asset managers (WEF 2012) . Asset managers may thus, even if financial models reveal long-term risks, ignore this risk as it is externalized to asset owners over the long-run -at some potential assumed short-term benefit. Part of this externalization happens in the models and use of data and thus can be linked to the first part of the discussion above. Even when these models are adjusted however, it does not respond to the principal-agent, externality, and time-inconsistency problem; this is the reason the discussion here focuses on the economic agent rather than the model itself. To reiterate, short-termism may be a problem in particular when discussing transition risks given the long-term nature of these risks (Figure 3) .
Beyond time horizons, institutions can also play a role for transition risk assessment in financial markets. The role of institutions is marginalized in the individual's rational, utility-maximizing behaviour. 22 The most obvious evidence for this lies in the fact that the actual preferences determining utility are treated as exogenous variables in neoclassical models (Savage 1950) . According to North (1993, 360) , 'history demonstrates that ideas, ideologies, myths, dogmas, and prejudices matter. [ … ] [Institutions] are made up of formal constraints (e.g. rules, laws, constitutions), and informal constraints (e.g. norms of behaviour, conventions, self-imposed codes of conduct), and their enforcement characteristics)'. Hence, the idea of an embedded economy: the economy functions in a specific social-historical context.
To the extent that rational choice theory acknowledges this, it is argued that rational individuals in the context of competitive market ensures the formation of efficient institution (i.e. minimizing transaction cost etc.), including incidentally cultural institutions.
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This ignores a number of behavioural elements however, notably path-dependency, where existing economic institutions are the contingent result of particular historical developments and therefore have no a priori claim to optimality or efficiency. Perhaps the most famous example in this regard is the QWERTY-keyboard, which is said to have been established for optimal typewriter typing (to avoid bunching of keys), but no longer being optimal for computers (David 1985) . 24 This has also been described as 'evolutionary economics' (Nelson and Winter 1982) .
One important aspect to highlight in this regard is that institutions can create decisionmaking parameters that are 'rational' for the individual, but where the rationality is specific to the institutional context. For example, it is rational for asset managers to maximize short-term value given the institution of short-term remuneration to which that asset manager is subject to. It would naturally be irrational from a profit-maximization perspective to do the same if their remuneration was tied to more long-term performance and value.
The 'atomism' of the rational choice theory falls short in other respects as well, beyond a discussion of institutions. The key here is that individuals in a group will be confronted with a different utility function (and a different desire to satisfy that utility function) relative to being in isolation. Bikhchandani and Sharma (2001) for example argues that herding behaviour partly explains booms and busts, where market participants exhibit 'irrational exuberance' and move as a crowd into a sector, overvalue their prices and ultimately move out, leading to a crash. 25 It is better to be wrong in a group (Brennan and Li 2008) .
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While it is difficult to find evidence on herding behaviour related to climate change, there is evidence that the transition to a low-carbon economy, despite success in recent years, is not fully on the radar screen of investors. The NGO Asset Owner Disclosure Project (AODP) finds that about half of all surveyed asset owners have a 'no score' on climate change issues and another 35% score a D. 27 At the same time, other surveys (Mercer 2013; Novethic 2015) do identify action on climate change. Evidence is thus not unequivocal.
Conclusion
The previous section emphasized two ways the market failure literature influences risk management practices in financial markets. Section 3 focused on the insights financial market failure literature provides in terms of the assessment of the design of financial risk and valuation models. It then sought to show how these design features could create barriers to transition risk assessment, notably in their treatment of skewed, tail risks, and challenges around turning uncertainty into quantifiable risk. Section 4 then emphasized issues around the conduct of economic agents, notably the presence of time-inconsistent preferences, principal-agent problems and externalities. While these three features naturally also inform the design of models, they were identified as primarily as challenges in the market failure literature that related to the interpretation and use of models.
This study admits freely that the distinction between these two categories (i.e. models and economic agents) can be challenged, given the overlap and interplay between the two factors. At the same time, the key take-away from the review of the theoretical literature relates to the fact that transition risk assessment challenges may not be confined to the models. In other words, there is a case to be made that there is a mis-assessment of transition risks in financial markets and that this mis-assessment relates at least in part to the institutions around risk assessment. This suggests that solving this challenge requires not just better, smarter risk models, but in equal measure addressing key features of market design -notably the principal-agent problem and externalities -and potential 'irrationality' of market actors -notably their time-inconsistent preferences.
To date, the narrative and literature on transition risks has primarily focused on the issue of models. A review by Chenet, Thomä, and Janci (2015) identifies over 30 different reports integrating transition risk into traditional financial market models and risk assessment. Many of these models address the key challenges defined in Section 3, notably the use of tail-end scenario assumptions and addressing issues around uncertainty. While they do not necessarily challenge the models themselves, they show that these models can capture transition risks. These models also at least in part tackle questions explored in Section 4, notably in the form of looking at more long-term time horizons or bringing events forward to today, visible in the work of Mercer and Profundo for the Green European Foundation (Chenet, Thomä, and Janci 2015) .
This work however is only starting to address the structural challenges. Notable examples in this regard are research by Caldecott, derricks, and Mitchell (2015) on investment consultants and a new research initiative by the 2°Investing Initiative on the 'Tragedy of the horizons'. There are other examples in this space, for example the UK initiative 'Preventable Suprises'. Key open questions remain, namely whether the way forward is an 'integration' approach, where these risks are integrated into traditional models to improve pricing, or a 'stress-test' approach where financial market actors use traditional risk tools for 'business-as-usual' assumptions, but are shown potential downside risks and resilience implications under extreme scenarios through models utilizing long-term scenario analysis. The way forward here will require further research. To date, the discussion on what approach works best has been limited.
The discussion here involved a theoretical discourse designed to inform research work on the question of the potential mispricing of transition risks. It is worth reiterating that the authors do not provide evidence as to the scale or materiality of these risks in and of themselves. Rather, the vantage point of the paper is on how, if these risks do exist, one could assume for them to be properly priced, based on the large theoretical literature on asset mispricing. It thus equally does not contend that transition risks deserve more or less attention than other risks, from a pure financial perspective. Rather, it suggests that mispricing of these risks, if they occur, are particularly damaging versus other types of risks because of the dual negative impact highlighted in the introduction, that is both the inefficient allocation of capital from a financial perspective and the associated potential increased costs of the transition to a low-carbon economy, which implies capital misallocation from a social perspective.
While the methodological design in terms of focusing on a theoretical analysis versus quantitative tools limits the explanatory power, the analysis does point to a few key conclusions.
First, the particular characteristic of transition risks suggest that they are susceptible to market failure. This relates to the likelihood that these risks are likely to be long-term, nonnormally distributed, tail-end risks. There is thus reason to believe that an intervention may be needed from long-term asset owners and/ or regulators likely exposed to the potential capital misallocation associated with this market failure. Naturally, taking a more societal view, this call for action also appears justified given the global objective of limiting global warming to 2°C and the role investments play in realizing this objective.
It should be noted that, perhaps obviously, the toolbox of financial analysis may in itself provide some of the solutions to the problems described in this paper. This relates notably to the Real Options analysis or valuation, which allows investors to price options related to actual physical investment decisions and potential adverse impacts under various socioeconomic scenarios.
At the same time, their long-term nature also suggests that there are institutional barriers linked to economic agents. Responses thus should not be limited to a focus on design of models and potential linked activities around risk transparency, for example in the form of expanded disclosure, but also address the broader institutional barriers -in effect, in the words of Carney (2015) , responding to the 'tragedy of time horizons' that grips climate change more generally.
Notes
14. Of course, rational choice theory does not assume we do not regret our decisions given 20/20 hindsight. Rather, it assumes that we do not disagree with our 'former' self's decision, given the information set available at the time the decision was made. 15. While the discussion here focuses on the market failure associated with time-inconsistency in terms of allocative efficiency, the same problem obviously persists for policy, where it is more frequently labelled the dynamic-inconsistency problem (Kydland and Prescott 1977; Barro 1983) . 16. While the hyperbolic discount function has achieved popularity with the rise of behavioural economics, the notion of time-inconsistent preferences is obviously not new and can be, at least in the field of economics, traced back to Smith and Hume (Palacios-Huerta 2003). 17. Hyperbolic discount functions may be rational from an individual's perspective. If long-term paybacks are more uncertain, for example due to trust issues or external uncertainties, it may be rational to prefer a short-term payoff. Uncertainty may also exist about the ability to capture that payoff, particularly in finance. Equally, uncertainty is only one factor in explaining the hyperbolic discount function. Moreover, uncertainty is not an exogenous variable, but will be a function of a range of endogenous factors. 18. A range of other factors have been purposefully excluded in this debate, notably the presence of incomplete markets (Magill and Quinzii 1996) , the literature on transaction costs (Coase 1937; Dahlman 1979 ) and the role of power in determining prices (Bowles 1985) . While other factors may also play a role, the discussion is limited to these factors that seem immediately material for the questions around transition risk. Other factors which may prove to be equally material over time, were excluded however at this point, given the lack of immediately obvious link. 19. The term 'Principal' and 'Agent' have their origin in law, where it refers to two parties of a contractual agreement. 20. The concept of information asymmetry has been developed most prominently by Akerlof (1970) , who won the 2001 Nobel Prize in Economics for his work in this field. 21. That is not to say all economic actors will face the same costs, nor that all geographies will be affected the same. Rather, that some economy-wide costs at global scale and across most countries will affect most actors in some way. 22. Institutions in this study are understood in the political economy tradition (North 1993) . 23. The origin of this analysis is with Coase (1960) , who applied this logic to law, where modern common law is frequently said to be driven by economic 'efficiency' considerations, as opposed to 'natural rights' considerations. See also Medema (2010) . 24. It is an open question as to whether other keyboards would be more optimal in terms of typing on a computer. In any event, however, the legacy of the QWERTY-keyboard, having established its pre-dominance largely independent of efficiency considerations, cannot be denied. 25. Keynes (1936) famously called the financial markets 'a beauty contest'. 26. Much of the literature here is inspired by Mackay (1841) 27. The AODP ranks based on credit ratings from AAA to D and an 'X' for when no evidence/ response was identified.
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